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NOR FLASH MEMORY 

BACKGROUND OF THE INVENTION 

1. Field of Invention 
This invention pertains generally to semiconductor 

memory devices and, more particularly, to a NOR ?ash 
memory and process of fabricating the same. 

2. RelatedArt 
Nonvolatile memory is currently available in several 

forms, including electrically programmable read only 
memory (EPROM), electrically erasable programmable read 
only memory (EEPROM), and ?ash EEPROM. Flash 
memory has been Widely used for high volume data storage in 
devices such as memory cards, personal digital assistants 
(PDA’s), cellular phones, and MP3 players. 

OBJECTS AND SUMMARY OF THE 
INVENTION 

It is in general an object of the invention to provide a neW 
and improved semiconductor memory device and process of 
fabricating the same. 

Another object of the invention is to provide a semicon 
ductor memory device and process of the above character 
Which overcome limitations and disadvantages of the prior 
art. 

These and other objects are achieved in accordance With 
the invention by providing a semiconductor memory array 
and process of fabrication in Which a plurality of bit line 
diffusions are formed in a substrate, and memory cells formed 
in pairs betWeen the bit line diffusions, With each of the pairs 
of cells having ?rst and second conductors adjacent to the bit 
line diffusions, ?oating gates beside the ?rst and second con 
ductors, an erase gate betWeen the ?oating gates, and a source 
line diffusion in the substrate beneath the erase gate, and at 
least one additional conductor capacitively coupled to the 
?oating gates. 

In some disclosed embodiments, the conductors adjacent 
to the bit line diffusions are Word lines, and the additional 
conductors consist of either a pair of coupling gates Which are 
coupled to respective ones of the ?oating gates or a single 
coupling gate Which is coupled to both of the ?oating gates. 

In another embodiment, the conductors adjacent to the bit 
line diffusions are program lines, and the third conductors are 
Word lines Which extend in a direction perpendicular to the 
program lines and the diffusions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a top plan vieW of one embodiment of a NOR ?ash 
memory cell array incorporating the invention. 

FIG. 2 is a cross-sectional vieW taken along line 2-2 in FIG. 
1. 

FIG. 3 is a circuit diagram of the embodiment of FIG. 1 in 
a 6x4 cell array. 

FIGS. 4A-4Q are cross-sectional vieWs illustrating the 
steps in one embodiment of a process for fabricating the 
memory cell array of FIG. 1 in accordance With the invention. 

FIG. 5 is a top plan vieW of another embodiment of a NOR 
?ash memory cell array incorporating the invention, With the 
coupling gate draWn in heavy solid lines in order to better 
illustrate its contour. 

FIG. 6 is a cross-sectional vieW taken along line 6-6 in FIG. 
5. 

FIG. 7 is a top plan vieW of another embodiment of a 
memory cell array incorporating the invention. 
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2 
FIG. 8 is a cross-sectional vieW taken along line 8-8 in FIG. 

7. 
FIGS. 9-12 are cross-sectional vieWs taken along lines 9-9, 

10-10, 11-11, and 12-12 in FIG. 8. 
FIG. 13 is a circuit diagram of the embodiment of FIG. 7 in 

a 6x4 cell array. 
FIGS. 14A-14N are cross-sectional vieWs illustrating the 

steps in one embodiment of a process for fabricating the 
memory cell array of FIG. 7 in accordance With the invention. 

DETAILED DESCRIPTION 

As illustrated in FIG. 1, the memory includes an array of 
NOR-type split-gate ?ash memory cells, each of Which has a 
?oating gate 11 that is charged either negatively or positively, 
depending upon the state (“0” or “l”) of the cell. The array is 
arranged in roWs and columns, With bit lines 12 running 
vertically and source lines 13, Word lines 14, coupling gates 
16, and erase gates 17 all running horizontally and perpen 
dicular to the bit lines. The array is formed on a substrate 19 
Which can be either a P-type silicon substrate or an N-type 
silicon substrate in Which a P-Well is formed. 
As best seen in FIG. 2, the cells in each column are 

arranged in pairs betWeen bit line diffusions 21 in the sub 
strate. In addition to the ?oating gate 11, each cell also 
includes a Word line 14 and a coupling gate 16, With the Word 
line being positioned betWeen the ?oating gate and one of the 
bit line diffusions and the coupling gate being positioned 
generally above the ?oating gate. The tWo cells in the pair 
share a common source diffusion 13 and a common erase gate 

17 Which are positioned betWeen the ?oating gates. The bit 
line 12 for the column in Which the cells are located is con 
nected to the bit line diffusions by contacts 22. 
The cells in adjacent columns are separated and isolated 

from each other by shalloW trench isolation regions 20 Which 
extend betWeen and separate the ?oating gates and the bit line 
diffusions in adjacent cells, While alloWing the source line 
diffusions, the erase gates, the control gates, the Word lines, 
and the bit lines to run through. 

Floating gates 11 are fabricated of polysilicon doped With 
phosphorus, arsenic or boron to a level on the order of l 020 to 
1021 per cm3, and have a thickness or height on the order of 
730 A to 1900 A, With the outer edge portions of the ?oating 
gates being aligned With the outer edge portions of source line 
diffusion 13. 
Word lines 14 and erase gate 17 are also fabricated of 

polysilicon Which is doped With phosphorus, arsenic or boron 
to a level on the order of 1020 to 1021 per cm3, and they each 
have a thickness or height on the order of 300 A to 1000 A. 
The erase gate is positioned directly above the source line 
diffusion and is insulated from it by an oxide layer 23 having 
a thickness on the order of 150 A to 250 A. Word lines 14 are 
separated from the upper surface of the substrate by oxide 
layers 24 Which have a thickness on the order of 30 A to 100 
A. 

Floating gates 11 are insulated from the upper surface of 
the substrate by oxide layers 26 Which have a thickness on the 
order of 100 A and from the side Walls of Word lines 14 and 
erase gate 17 by oxide layers 27, 28 having a thickness on the 
order of 150 A. An oxide or nitride layer 29, formed by 
chemical vapor deposition (CVD) and having a thickness on 
the order of 400 A to 800 A, overlies the Word lines and the 
erase gates. 
The upper portions of the ?oating gates extend above 

oxide/nitride layer 29, and coupling gates 16 are centered 
above the ?oating gates. The coupling gates are Wider than the 
?oating gates, With the outer portions of the coupling gates 
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extending doWn along the sides of the ?oating gates to the 
oxide/nitride layer, With the lower portions of the coupling 
gates thus overlapping and embracing the upper portions of 
the ?oating gates to provide extended areas of capacitive 
coupling betWeen the coupling gates and the ?oating gates. 
The coupling gates are also fabricated of polysilicon doped 
With phosphorus, arsenic or boron to a level on the order of 
1020 to 1021 per cm3, and have a thickness or height on the 
order of 1000 A to 2500 A above the oxide/nitride layer. A 
dielectric layer 31 having a thickness on the order of 100 A to 
200 A separates each of the coupling gates from the upper 
portion of the ?oating gate and from the oxide/nitride layer. 
The dielectric can be either a pure oxide ?lm, a nitrided oxide 
?lm, or a combination of oxygen, nitride and oxide (ONO) 
layers such as a layer of nitride betWeen tWo layers of oxide. 
A glass material 32 such as phosphosilicate glass (PSG) or 

borophosphosilicate glass (BPSG) extends over the entire 
Wafer, With bit lines 12 on top of the glass material and bit line 
contacts 22 extending through openings 33 in it. 

Bit line diffusions 21 are shared by the cells in adjacent 
pairs in the column, and the Word lines 14', 14" for the cells in 
the adjacent pairs are shoWn in FIG. 2. 

FIG. 3 illustrates a memory block or array having 6 col 
umns and 4 roWs of the NOR-type split-gate cell array shoWn 

20 

4 
and the source line can be at either 0V or 5V. Erase time is on 
the order of 1-10 ms, With electrons tunneling from the ?oat 
ing gate to the erase gate. Erasing can also be done by apply 
ing 10V to the erase gate Without applying any voltage to the 
coupling gate. 
When the negative voltage is applied to the coupling gate, 

it is coupled to the ?oating gate, and the high negative poten 
tial on the ?oating gate enhances electron coupling and alloWs 
a loWer voltage to be applied to the erase gate. HoWever, if the 
oxide or dielectric betWeen the erase gate and the source line 
is thick enough, the erase gate can sustain a voltage (e. g., 
10-15V) Which is high enough to cause electron tunneling 
from the ?oating gate to the erase gate Without applying any 
negative potential to the coupling gate and Without causing 
oxide breakdoWn betWeen the erase gate and the source line. 
With the NOR-type split-gate cells, the cells can be over 
erased, i.e., erased to the negative threshold voltage. 
The selected cell is read by applying VCC to the coupling 

gate and the Word line and Vr to the bit line. 
The memory cell array of FIG. 1 can be fabricated by the 

process illustrated in FIGS. 4A-4Q. ShalloW trenches are 
formed in silicon substrate 19 to a depth on the order of about 
0.15 pm to 0.30 pm and ?lled With a combination of thermally 
groWn oxide and high density plasma deposited oxide Which 

in FIG. 1. Each roW has one Word line, and each column has 25 is planariZed to expose active areas of the silicon. The 
one bit line. For a given application, the array can have any trenches run in a direction parallel to the plane of the page in 
desired number roWs and columns, and a typical block can, FIGS. 4A-4Q. 
for example, have 8 roWs (8 Word lines) and 4K columns An oxide layer 41 having a thickness on the order of 100 A 
(4096 bit lines). The source lines, erase gates and coupling to 200 A is thermally groWn on the substrate. A photolitho 
gates for all 8 roWs in the block can be grouped together and 30 graphic mask 42 is formed on the oxide layer in the area in 
connected to just one terminal each to simplify array decod- Which the erase gate is to be formed. The unprotected oxide is 
ing. The individual cells are selected by addressing the Word then removed by Wet or dry etching, leaving a strip of oxide 
lines and bit lines, and in the embodiment of FIG. 3, for Which extends inadirectionperpendicularto the page in FIG. 
example, cell 34 is selected by addressing Word line WL,C and 4B to form erase gate oxide 23. 
bit line BLy. The other Word lines and bit lines are unselected, 35 After the mask is stripped aWay, another oxide layer 43 
as are the source lines, erase gates and coupling gates in other having a thickness on the order of 30 A to 100 A is thermally 
blocks. groWn or deposited over the substrate and erase gate oxide 23, 
A selected cell is programmed or set to a logic 0 state by hot as shoWn in FIG. 4C, increasing the thickness of the erase gate 

carrier injection to the ?oating gate, and it is erased or oxide to about 150 A to 250 A. 
returned to a logic 1 state by electron tunneling from the 40 A conductive layer 44 of polysilicon (poly-1) is deposited 
?oating gate to the erase gate. over the oxide betWeen the isolation regions to a thickness on 

The operating conditions for the different cell array opera- the order of 300 A to 1000 A, as shoWn in FIG. 4D. The 
tions are summariZed in Table 1. polysilicon is doped With phosphorus, arsenic or boron to a 

TABLE 1 

Coupling Word Source Erase Bit 
Gate Line Line Gate Line 

Sel Un Sel Un Sel Un Sel Un Sel Un 

Standby 0 0 0 0 0 0 0 0 0 0 
Read v“ 0 v“ 0 0 0 0 0 vr 0 
Program 9v 0 1.6 v 0 5.0V 0 5.0V 0 Ip v“ 
Erase (1) -10 v 0 0 0 0/5.0 v 0 5.0V 0 0 0 
Erase (2) 0 0 0 0 0 0 10 v 0 0 0 

Programming can be done on a bit-by-bit basis, With 9V level on the order of 1020 to 1021 per cm3 . An oxide or nitride 
being applied to the coupling gate to provide coupling to the layer 46 having a thickness on the order of 600 Ato 1000 A is 
?oating gate during hot electron programming and 5.0 volts 60 formed on the poly-1 layer by chemical vapor deposition 
being applied to the source line and to the erase gate. A (CVD) and serves as a mask to prevent the poly-1 material 
voltage of about 1.6 volts is applied to the Word line and a from etching aWay during subsequent dry etching steps. 
Programing euiieiii iP is aPPiied ie the bit iiiie- Thai Current As shoWn in FIG. 4E, another mask 47 is employed on the 
is iypieaiiy en the Order of i '10 HA: aiiiieugii it Can be as 10W CVD layer to de?ne the Word lines and the erase gate. The 
as 0-1 P-A in some appiieaiieiie 65 unmasked portions of CVD layer 46 and poly-1 layer 44 are 

Erasing can be done in one of tWo Ways. In the ?rst, —10V 
is applied to the coupling gate, 5V is applied to the erase gate, 

etched aWay anisotropically, leaving only the portions of the 
poly-1 material Which form Word lines 14 and erase gate 17, 
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as shown in FIG. 4F. At the same time, the unmasked portions 
of oxide layer 43 are also etched aWay, leaving only the 
portions Which form erase gate oxide 23 and the oxide layers 
24 beneath the Word lines. 

Next, another oxide layer 48 is either thermally grown or 
deposited over the exposed portions of the substrate and along 
the side Walls of Word lines 14, erase gate 17, and the CVD 
layer above them. Oxide layer 48 has a thickness on the order 
of 100 A on the substrate and about 100 A to 150 A on the side 
Walls of the Word lines and the erase gate. The difference in 
thickness can be achieved either by enhanced oxidation of 
polysilicon or by the use of a sacri?cial oxidation Which is 
etched back by anisotropic dry etching to leave an initial layer 
having a thickness of about 50 A on the side Walls before layer 
48 is formed. 
A second conductive layer 49 of polysilicon (poly-2) is 

deposited over oxide layer 48, as shoWn in FIG. 4H. The 
poly-2 layer has a thickness on the order of 1000 A to 2000 A 
and is doped With phosphorus, arsenic or boron to a level on 
the order of 1020 to 1021 per cm3. The poly-2 ?lls up the gaps 
betWeen the CVD/poly-l stacks and is etched back to or 
slightly beloW the top of the CVD layer to form ?oating gates 
11 over the memory channels betWeen Word lines 14 and 
erase gate 17, as illustrated in FIG. 4I. 

The upper portion of CVD layer 46 is then removed to 
expose the upper portions of the ?oating gates, as shoWn in 
FIG. 4]. The CVD oxide or nitride can be etched back by a dry 
anisotropic etch, leaving about 400 A to 800 A of the CVD 
material over the Word lines and the erase gate. 

At this point, the ?oating gates are in the form of strips 
Which extend in the direction of the roWs, i.e., perpendicular 
to the plane of the page in FIG. 4]. In order to form the ?oating 
gates into individual islands for the individual cells, another 
mask (not shoWn) is formed over the areas Where the ?oating 
gates are to be located, and the unmasked portions of the strips 
are etched aWay, leaving the individual ?oating gates. 

Source line diffusion 13 is then formed in the substrate 
directly beneath erase gate 17 by high energy implantation of 
phosphorous or arsenic, using another photolithographic 
mask 51, as shoWn in FIG. 4K. 
A dielectric layer 52 having a thickness on the order of 100 

A to 200 A is deposited on the exposed surfaces of ?oating 
gates 11, erase gate 17, and oxide or nitride layer 46, as shoWn 
in FIG. 4L. The dielectric material can be either a pure oxide 
?lm, a nitrided oxide ?lm, or a combination of oxide, nitride 
and oxide (ONO) layers such as a layer of nitride betWeen tWo 
layers of oxide. 
A third conductive layer 53 of polysilicon (poly-3) is then 

deposited over the dielectric layer, as shoWn in FIG. 4M. The 
poly-3 layer has a thickness on the order of 1000 A to 2500 A 
and is doped With phosphorus, arsenic or boron to a level on 
the order of l 020 to 1021 per cm3 . Amask 54 is formed overthe 
poly-3 layer to de?ne the coupling gates, as shoWn in FIG. 
4N, and the unmasked portions of the poly-3 material and the 
portions of dielectric layer 52 beneath them are removed in 
another dry anisotropic etching step. CVD layer 46 protects 
the Word lines and the erase gate, but the unprotected portions 
of the poly-2 layer 49 betWeen the Word lines and the portions 
of oxide layer 48 beneath them are also removed in this step, 
leaving the structure shoWn in FIG. 40. 

Bit line diffusions 21 are then formed in the substrate 
betWeen the Word lines and betWeen the isolation regions 
Which separate the cells in adjacent columns by high energy 
implantation of phosphorous or arsenic, as shoWn in FIG. 4P, 
and a glass material 32 such as phosphosilicate glass (PSG) or 
borophosphosilicate glass (BPSG) is deposited over the 
entire Wafer. Bit line contact openings 33 are formed in the 
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6 
glass, and a metal layer is deposited over the glass and pat 
terned to form bit lines 12 and bit line contacts 22, as shoWn 
in FIG. 4Q. 
The embodiment shoWn in FIG. 5 is similar to the embodi 

ment of FIG. 1 except that each pair of cells has a single 
coupling gate 56 rather than each cell having its oWn indi 
vidual coupling gate. Coupling gate 56 also has a different 
con?guration than coupling gates 16, as can be seen by com 
paring FIGS. 1 and 5. Whereas that each of the individual 
coupling gates 16 has a rectangular shape or con?guration in 
plan vieW, coupling gate 56 has a plurality of generally rect 
angular arms or ?ngers 57 Which extend at right angles from 
a central rectangular trunk 58. The trunk extends in the direc 
tion of the roWs, and the ?ngers extend in the direction of the 
columns, With each of the ?ngers overlying one of the ?oating 
gates 11. 
The embodiment of FIG. 5 can be fabricated by the same 

process as the embodiment of FIG. 1 except for the manner in 
Which the coupling gates and the ?oating gates are formed. 
Instead of using a pair of rectangular masks to de?ne the 
coupling gates, as shoWn in FIG. 4N, the mask for the cou 
pling gates is patterned to have the ?ngered con?guration 
shoWn in FIG. 5. With this mask, it is not necessary to perform 
separate masking and etching steps on the strips of poly-2 
material to form the individual islands for the ?oating gates 
because the portions of the poly-2 strips Which are not cov 
ered by ?ngers Will be etched aWay When the poly-3 layer is 
etched to form the coupling gate. Thus, the ?oating gates are 
formed in the same step as the coupling gate and are self 
aligned With the ?ngers of the coupling gate. 
The embodiment illustrated in FIG. 7 is a contactless array 

of split-gate ?ash memory cells With ?oating gates 61. As in 
the other embodiments, the array is arranged in roWs and 
columns, With bit line diffusions 62 and source line diffusions 
63 extending in one direction parallel to each other. In this 
embodiment, hoWever, Word line conductors 64 extend in a 
second direction perpendicular to the diffusions and serve as 
coupling gates for the ?oating gates beneath them. The array 
is formed on a substrate 66. 
Each ?oating gate represents a memory cell or unit Which 

can be charged either negatively or positively in accordance 
With the logic state (“0” or “I”) stored therein. 
As in the embodiments of FIGS. 1 and 5, the memory cells 

are arranged in pairs betWeen bit line diffusions 62 in the 
substrate, With cells in each pair sharing a common source 
line diffusion 63 Which is positioned midWay betWeen the bit 
lines. Floating gates 61 are positioned on both sides of the 
source line diffusions, dummy ?oating gates 67 are posi 
tioned above the bit line diffusions, and erase gates 68 are 
positioned above the source line diffusions. 

Program gates 71, 72 are positioned on opposite sides of 
the bit line diffusions and extend in a direction parallel to the 
bit line diffusions and the source line diffusions. The program 
gates 71 to the left of the bit lines are referred to as left side 
program gates and designated PGL, and the program gates 72 
to the right of the bit lines are referred to as right side program 
gates and designated PGR. 

Floating gates 61 are fabricated of polysilicon doped With 
phosphorus, arsenic or boron to a level on the order of l 020 to 
1021 per cm3 , and have a thickness or height on the order of 
730 A to 1900 A, With the outer edge portions of the ?oating 
gates being aligned With the outer edge portions of source line 
diffusion 63. 

Erase gate 68 and program gates 71, 72 are also fabricated 
of polysilicon Which is doped With phosphorus, arsenic or 
boron to a level on the order of l 020 to 1021 per cm3, and they 
each have a thickness or height on the order of 300 A to 1000 
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A. The erase gate is positioned directly above the source line 
diffusion and is insulated from it by an oxide layer 73 having 
a thickness on the order of 150 A to 250 A. Program gates 71, 
72 are separated from the upper surface of the substrate by 
oxide layers 74 Which have a thickness on the order of 30 A to 
100 A. 

Floating gates 61 are insulated from the upper surface of 
the substrate by oxide layers 76 Which have a thickness on the 
order of 100 A and from the side Walls of erase gate 68 and 

8 
Programming can be done on a bit-by-bit basis, With 9V 

being applied to the Word line to select the cell and to provide 
coupling to the ?oating gate during hot electron programming 
and 5.0 volts being applied to the source line and to the erase 
gate. A voltage of about 1.6 volts is applied to the PGR line, 
and a programming current 11, is applied to the bit line. That 
current is typically on the order of l —10 uA, although it can be 
as loW as 0.1 uA in some applications. 

Erasing can be done in one of tWo Ways. In the ?rst, —l0V 
program gates 71, 72 by oxide layers 77, 78 having a thick- 10 is applied to the Wordline, 5V is applied to the erase gate, and 
ness on the order of 150 A. An oxide or nitride layer 79, the source line can be at either 0V or 5V. Erase time is on the 
formed by chemical vapor deposition (CVD) and having a order of l-lO ms, With electrons tunneling from the ?oating 
thickness on the order of 400 A to 800 A, overlies the erase gate to the erase gate. Erasing can also be done by applying 
gate and the programming gates. 10V to the erase gate Without applying any voltage to the 
Word line 64 crosses above the ?oating gates and the 15 Word line. 

dummy ?oating gates and is separated from those gates and When the negative voltage is applied to the Word line, it is 
oxide or nitride layer 79 by a dielectric layer 80. The dielectric coupled to the ?oating gate, and the high negative potential on 
has a thickness on the order of 100 A to 200 A, and it can be the ?oating gate enhances electron coupling and alloWs a 
either a pure oxide ?lm, a nitrided oxide ?lm, or a combina- loWer voltage to be applied to the erase gate. HoWever, if the 
tion of oxide, nitride and oxide (ONO) layers such as a layer 20 oxide or dielectric betWeen the erase gate and the source line 
of nitride betWeen tWo layers of oxide. is thick enough, the erase gate can sustain a voltage (e.g., 

The loWer portions of the Word line overlap and embrace 10-15V) Which is high enough to cause electron tunneling 
the upper portions of the ?oating gates to provide extended from the ?oating gate to the erase gate Without applying any 
areas of capacitive coupling betWeen the Word line and the negative potential to the coupling gate and Without causing 
?oating gates. 25 oxide breakdoWn betWeen the erase gate and the source line. 

The Word lines and ?oating gates in adjacent roWs of the With either type of erasing, the erasing continues until the 
array are separated from each other, as can be seen in FIGS. threshold voltage of the memory cell is about 0.5V, and it can 
9-12, and boron or BF2 channel block diffusions 81 are be shut off by applying 0V to the Word line. With the contact 
implanted in the substrate betWeen the ?oating gates to elec- less array, care should be taken to ensure that the memory 
trically isolate the channels betWeen the memory cells in 30 cells are not overerased, i.e.,erased to the negative threshold 
adjacent roWs. voltage. 

FIG. 13 illustrates a memory block or array having 4 col- With the additional —l0V applied to the Word line, the cell 
umns and 6 roWs of the contactless cell array shoWn in FIG. 7. array can eitherbe erased roW by roW or the Whole array block 
For a given application, the array can have any desired num- can be erased at once, depending upon Whether the —10V is 
ber roWs and columns, and a typical block can, for example, 35 applied roW by roW or applied to the Whole array block. 
have 64 roWs (64 Wordlines) and 4K columns (4096 bit lines) When the erasing is done With just the 10V on the erase 
Without any contacts inside the array. The source lines, erase gate, the erasing cannot be done on a roW by roW basis, and the 
gates, left program gates (PGL’s) and right program gates entire cell array is erased at once because all of the erase gates 
(PGR’s) can be grouped together and connected to just one are connected to one terminal. 
terminal each to simplify array decoding. The individual cells 40 The selected cell is read by applying VCC to the program 
are selected by addressing the Word lines, bit lines, and the gate, 5V to the Word line, and Vr to the bit line. 
program lines for the desired cell, With the other Word lines, The memory cell array of FIG. 7 can be fabricated by the 
bit lines and program lines being unselected. In the embodi- process illustrated in FIGS. 14A-14M. In this process, an 
ment of FIG. 13, for example, cell 82 is selected by addressing oxide layer 83 having a thickness on the order of 100 A to 200 
Word line WLX, bit line BLy, and the PGR line 45 A is thermally groWn on a P-type silicon substrate 66. A 
A selected cell is programmed or set to a logic 0 state by hot photolithographic mask 84 is formed on the oxide layer in the 

carrier injection to the ?oating gate, and it is erased or areas in Which the erase gates are to be formed. The unpro 
returned to a logic 1 state by electron tunneling from the tected oxide is then removed by Wet or dry etching, and the 
?oating gate to the erase gate. mask is stripped aWay, leaving strips of oxide Which extend in 

The operating conditions for the different cell array opera- 50 a direction perpendicular to the page in FIG. 14B to form 
tions are summariZed in Table 2. erase gate oxides 73. 

TABLE 2 

Program Word Source Erase Bit 

Gate Line Line Gate Line 

Sel Un Sel Un Sel Un Sel Un Sel Un 

Standby 0 0 0 0 0 0 0 0 0 0 

Read v“ 0 5 v 0 0 0 0 0 Vr 0 

Program 1.6V 0 9v 0 5.0V 0 5.0V 0 lp v“ 

Erase (1) 0 0 -10v 0 0/5.0v 0 5.0V 0 0 0 

Erase (2) 0 0 0 0 0 0 10 v 0 0 0 
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Another oxide layer 86 having a thickness on the order of 
30 A to 100 A is thermally grown or deposited over the 
substrate and erase gate oxides 73, as shoWn in FIG. 14C, 
increasing the thickness of the erase gate oxides to about 150 
A to 250 A. 
A conductive layer 87 of polysilicon (poly-1) is deposited 

over the oxide to a thickness on the order of 300 A to 1000 A, 
as shoWn in FIG. 14D. The polysilicon is doped With phos 
phorus, arsenic or boron to a level on the order of 1020 to 1021 
per cm3. An oxide or nitride layer 88 having a thickness on the 
order of 600 A to 1000 A is formed on the poly-1 layer by 
chemical vapor deposition (CVD) and serves as a mask to 
prevent the poly-1 material from etching aWay during subse 
quent dry etching steps. 
As shoWn in FIG. 14E, another mask 89 is employed on the 

CVD layer to de?ne the program gates and the erase gates. 
The unmasked portions of CVD layer 88 and poly-1 layer 87 
are etched aWay anisotropically, leaving only the portions of 
the poly-1 material Which form program gates 71, 72 and 
erase gates 68, as shoWn in FIG. 14F. At the same time, the 
unmasked portions of oxide layer 86 are also etched aWay, 
leaving only the portions Which form erase gate oxides 73 and 
the oxide layers 74 beneath the program gates. 

Bit line diffusions 62 are then formed betWeen the left and 
right program gates by implantation With phosphorus or 
arsenic through a photolithographic mask 91, as shoWn in 
FIG. 14G. The implantation is heavy enough to form a buried 
N+ diffusion With loW sheet resistance for the conductive 
layer. 

Next, another oxide layer 92 is either thermally groWn or 
deposited over the exposed portions of the substrate and along 
the side Walls of program gates 71, 72, erase gates 68, and the 
CVD layer above them, as shoWn in FIG. 14H. Oxide layer 92 
has a thickness on the order of 100 A on the substrate and 
about 100 A to 150 A on the side Walls of the program and 
erase gates. The difference in thickness can be achieved either 
by enhanced oxidation of polysilicon or by the use of a sac 
ri?cial oxidation Which is etched back by anisotropic dry 
etching to leave an initial layer having a thickness of about 50 
A on the side Walls before layer 92 is formed. 
A second conductive layer 93 of polysilicon (poly-2) is 

deposited over oxide layer 92, as shoWn in FIG. 141. The 
poly-2 layer has a thickness on the order of 1000 A to 2000 A 
and is doped With phosphorus, arsenic or boron to a level on 
the order of 1020 to 1021 per cm3. The poly-2 ?lls up the gaps 
betWeen the CVD/poly-l stacks and is etched back to or 
slightly beloW the top of the CVD layer to form ?oating gates 
61 over the memory channels and dummy ?oating gates 67 
over the bit lines, as illustrated in FIG. 14]. The portions of 
oxide layer 92 on the side Walls of the erase gates and the 
program gates form oxide layers 77, 78. 

The upper portion of CVD layer 88 is removed to expose 
the upper portions of ?oating gates 61 and dummy ?oating 
gates 67, as shoWn in FIG. 14K. The CVD oxide or nitride can 
be etched back by a dry anisotropic etch, leaving about 400 A 
to 800 A of the CVD material over the program gates and the 
erase gates. 
At this point, the ?oating gates and dummy ?oating gates 

are in the form of long strips Which extend in the same 
direction as the bit lines and the program gates, i.e., perpen 
dicular to the plane of the page in FIG. 14K. In a later step, 
they Will be etched into individual islands to form the ?oating 
gates for the individual cells. 

Source line diffusions 63 are noW formed in the substrate 
directly beneath erase gates 68 by high energy implantation of 
phosphorus or arsenic, using another photolithographic mask 
94, as shoWn in FIG. 14L. 
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A dielectric layer 96 having a thickness on the order of 100 

A to 200 A is then deposited on the exposed surfaces of 
?oating gates 61, dummy ?oating gates 67, erase gates 68, 
and oxide or nitride layer 88, as shoWn in FIG. 14L. The 
dielectric material can be either a pure oxide ?lm, a nitrided 
oxide ?lm, or a combination of oxide, nitride and oxide 
(ONO) layers such as a layer of nitride betWeen tWo layers of 
oxide. 
A third conductive layer 97 of polysilicon (poly-3) is then 

deposited over the dielectric layer, as shoWn in FIG. 14N. The 
poly-3 layer has a thickness on the order of 1000 A to 2500 A 
and is doped With phosphorus, arsenic or boron to a level on 
the order of 1020 to 1021 per cm3. A mask (not shoWn) is 
formed over the poly-3 layer and patterned to de?ne the Word 
lines, and the unmasked portions of the poly-3 material, 
dielectric ?lm 96, and the unprotected portions of the ?oating 
gate and dummy ?oating gate strips are etched by a dry 
anisotropic etch to form the Word lines and the individual 
islands for the ?oating gates and the dummy ?oating gates. 
The CVD oxide or nitride on top of the program gates and the 
erase gates protects them and prevents them from being 
affected by the etch. 

After the Word lines and the ?oating gates are formed, 
channel block diffusions 81 are formed by implanting boron 
or BFZ. The implantation dose is preferably on the order of 
1el3-1el4 per cm3, Which is heavy enough to electrically 
isolate the channels betWeen adjacent memory cells Without 
affecting the N+ bit line and source line diffusions. 

It is apparent from the foregoing that a neW and improved 
semiconductor memory device and process of fabricating the 
same have been provided. While only certain presently pre 
ferred embodiments have been described in detail, as Will be 
apparent to those familiar With the art, certain changes and 
modi?cations can be made Without departing from the scope 
of the invention as de?ned by the folloWing claims. 

The invention claimed is: 
1. A memory cell array, comprising: a substrate, ?rst and 

second bit line diffusions in the substrate, ?rst and second 
Word lines adjacent to the bit line diffusions, a source line 
diffusion in the substrate midWay betWeen the bit line diffu 
sions, an erase gate above the source line diffusion, ?rst and 
second ?oating gates disposed betWeen the Word lines and the 
erase gate and having a height greater than the Word lines and 
the erase gate, coupling gates overlying the ?oating gates and 
edge portions of the Word lines and the erase gate, a bit line 
extending in a direction perpendicular to the Word lines, and 
bit line contacts interconnecting the bit line diffusions and the 
bit line. 

2. The memory cell array of claim 1 Wherein the coupling 
gates are Wider than the ?oating gates, and loWer portions of 
the coupling gates overlap and embrace upper side portions of 
the ?oating gates to provide capacitive coupling betWeen the 
coupling gates and the upper side portions of the ?oating 
gates as Well as betWeen the coupling gates and the top sur 
faces of the ?oating gates. 

3. The memory cell array of claim 1 Wherein a positive 
voltage is applied to the erase gate and a negative voltage is 
applied to the coupling gate of a selected cell to produce 
electron tunneling from the ?oating gate to the erase gate. 

4. The memory cell array of claim 1 including a gate oxide 
betWeen the erase gate and the source line diffusion of su?i 
cient thickness that the erase gate can sustain a voltage high 
enough to produce electron tunneling from one of the ?oating 
gates to the erase gate Without causing breakdoWn of the gate 
oxide. 




